HYPOXIA IN THE NORTHERN GULF OF MEXICO
-- RESPONSES TO PUBLIC COMMENTS

This document provides responses to many of the public comments received in the course of
developing an Integrated Assessment (IA) of Hypoxia in the northern Gulf of Mexico.

As a foundation for the IA, six topical reports were written by teams of experts. Public
comments on the six reports were received from 34 organizations and individuals. Those reports
and the public comments received on them, were used to draft the IA. The draft of the 1A was
also made available for public comment and those comments considered in completing the IA.
Public comments on the draft A were received from 16 organizations and individuals. The
reports, the draft 1A, and the public comments are available at
<http://www.nos.noaa.gov/products/pubs_hypox.html>.

The 1A and these responses were prepared by the Hypoxia Working Group under the National
Science and Technology Council’s Committee on Environment and Natural Resources. The IA,
along with other information, will be used by the Mississippi River/Gulf of Mexico (MR/GM)
Watershed Nutrient Task Force to develop an appropriate Action Plan to reduce, mitigate and
control hypoxia in the northern Gulf of Mexico.

Responses in this document are organized by the following categories:
1. Assessment and Action Plan Process

. Contributing Factors

. Nitrogen Concentration and Flux: Trends and Sources

. Gulf Hypoxic Zone History

. International and National Hypoxic Zone Comparisons

. Nutrient Control Practices

. Adaptive Management, Monitoring and Research

. Modeling of Management Options and Impact

0o ~NOoO Ol Wb

Most attention is directed to comments received on the IA but comments on the six reports
which have not been otherwise resolved are also addressed. These responses are directed to
issues raised by the public comments; suggestions about specific wording changes have been
addressed separately in drafting and revising the 1A. In addition to responses in this document
and in the draft and final versions of the IA, public comments were addressed in a public meeting
of the MR/GM Task Force and a science meeting in December of 1999 which focused on causal
issues raised in the public comments. Finally, a number of comments included suggestions that
would more appropriately be considered in the context of developing the Action Plan. The
Working Group encourages the MR/GM Task Force to give them full consideration.



A number of comments concerned the process used to conduct the Gulf of Mexico Hypoxia
Assessment. These comments focused on such aspects as the steps of the assessment process;
public participation during development of the assessment reports; the process for reviewing the
reports; and the role of further research, modeling, and monitoring in the assessment process.
Therefore, this response to public comments begins with an overview of the assessment process.

In early 1996, concerns regarding hypoxic conditions in the Gulf of Mexico led members of the
Committee on Environment and Natural Resources (CENR), under the National Science and
Technology Council, to ask that the committee undertake the task of assessing the state of
scientific knowledge and understanding of hypoxia in the Gulf. In the fall of 1997, the United
States Environmental Protection Agency (EPA) expanded a group formed the previous year and
established the Mississippi River/Gulf of Mexico Watershed Nutrient Task Force (the MR/GM
Task Force) which includes federal, state, and tribal government representatives. The CENR and
the MR/GM Task Force have worked closely on issues related to hypoxia. Because of their
governmental composition, neither of these are considered advisory committees under the Federal
Advisory Committee Act. However, the CENR has conducted several workshops to gather
input and all MR/GM Task Force meetings were open to the public and announced in the Federal
Register.

In October 1998, Congress passed the Harmful Algal Bloom and Hypoxia Research and Control
Act, which the President signed into law as P.L. 105-383 on November 13, 1998. This law calls
for the CENR to develop an “IA of hypoxia in the northern Gulf of Mexico that examines: the
distribution, dynamics, and causes; ecological and economic consequences; sources and loads of
nutrients transported by the Mississippi River to the Gulf of Mexico; effects of reducing
nutrient loads; methods for reducing nutrients loads; and the social and economic benefits of such
methods.” P.L. 105-383 also calls for the development of a plan of action to reduce, mitigate, and
control hypoxia in the northern Gulf of Mexico. The Action Plan will be developed by the
MR/GM Task Force. The IA does not make specific recommendations for action, nor is it the
only source of information that the MR/GM Task Force will consider in developing the Action
Plan.

Under the leadership of the CENR, a Hypoxia Work Group (the Work Group) was formed to
plan and conduct the hypoxia science assessment. The Work Group is composed of
representatives from the Department of Agriculture, the Department of Commerce, the
Department of Defense through both the Army Corps of Engineers and the Office of Naval
Research, the Department of Health and Human Services through the National Institute of
Environmental Health Services, the Department of Interior through the Minerals Management
Service and the U.S. Geological Survey, EPA, the National Science Foundation, and the
Smithsonian Institution. A plan to develop the assessment was completed and presented to the
MR/GM Task Force by the CENR Workgroup in March 1998 (see
http://www.nos.noaa.gov/products/pubs_hypox.html to review the plan).



The National Oceanic and Atmospheric Administration (NOAA) was asked to lead the CENR
assessment, however oversight was spread among several federal agencies, and the assessment
itself was conducted by teams that included academic, federal, and state scientists from within
and outside the Mississippi River watershed. The assessment of the causes and consequences of
Gulf hypoxia is intended to provide scientific information that can be used to evaluate
management strategies, and to identify gaps in our understanding of this problem. While the
focus of the assessment is on hypoxia in the Gulf of Mexico, the effects of changes in nutrient
concentrations and loads and nutrient ratios on water quality conditions within the Mississippi-
Atchafalaya river systems are also addressed.

As a foundation for the IA, six specific assessment reports examining various aspects of the
hypoxia issue were developed by six teams with experts from within and outside of government.
These teams were not established to conduct new research, but to analyze existing data and
apply existing models of the watershed-Gulf system. One team analyzed different approaches
for alleviating hypoxia. Each of the reports acknowledged the need and identified specific areas
for additional research. While the final assessment finds a compelling case for some action now,
it also includes specific recommendations for additional research and monitoring.

Each of the assessment reports underwent extensive peer review by independent experts during
development. This review followed standard practice for peer review and effectively provided
expert review of the six science reports. To facilitate a comprehensive review, an Editorial Board
was also selected by the Work Group based on nominations from the MR/GM Task Force and
other organizations. Editorial Board members were Dr. Donald Boesch from the University of
Maryland, Dr. Jerry Hatfield from the US Department of Agriculture, Dr. George Hallberg from
the Cadmus Group, Dr. Fred Bryan from Louisiana State University, Dr. Sandra Batie from
Michigan State University, and Dr. Rodney Foil from Mississippi State University. The
Editorial Board worked with the Hypoxia Work Group to select reviewers for the six reports,
and served as brokers between the lead authors and the reviewers to ensure that significant
comments were addressed.

As was described in the March 1998 Gulf of Mexico Hypoxia Assessment Plan developed by
the CENR Hypoxia Workgroup, public input played a critical role in the policy process. It was
public concern and action, in fact, that brought national attention to the problem of hypoxia in
the Gulf of Mexico and prompted the CENR to undertake this scientific assessment. The CENR
Hypoxia Assessment process was designed to keep the public informed and involved, while
ensuring accuracy and objectivity of the information that it provides. Thus, the six reports were
developed by specialists, subjected to rigorous peer review, and made available for public
comment through a Federal Register notice published May 4, 1999. In response to concerns
raised by many stakeholders, the original comment period was extended from 30 to 90 days. The
public comment period on the six assessment reports formally closed on August 2, 1999.



Furthermore, each of the MR/GM Task Force meetings, several which have dealt almost
exclusively with the science assessments, have been open meetings, advertised both in the Federal
Register and through a mailing list, with significant opportunities for attendees to participate.

The six assessment reports, and the public comments received on them, were used to develop the
draft IA. This draft was made available for public comment through a Federal Register notice
published October 21, 1999 (see http://www.nos.noaa.gov/products/pubs_hypox.html for a
copy of the draft). A science workshop was held in December 1999 to clarify several significant
science issues raised in the assessments and the public comments. A summary of that meeting is
also posted on the NOAA website above. Results of the workshop were incorporated in the
final 1A.

Following clearance by the CENR, the final 1A, along with responses to the major comments
received on both the original six science reports and the draft 1A, will be available on the NOAA
website. These documents will provide a basis for the Action Plan required by section 604(b) of
Public Law 105-383. However, the CENR Assessment is not intended to be the only input or
basis of information for Action Plan. Other information developed by the MR/GM Task Force
members, input from stakeholders, and full public involvement will be sought during the
development of this Action Plan.



CATEGORY #1: ASSESSMENT AND ACTION PLAN PROCESS

SUMMARY OF COMMENTS

Comments on the Six Topic Reports:

Comments were received from 16 of the 34 commentors concerning the process implemented to
conduct the Gulf of Mexico Hypoxia Assessment (LSU AgCtr, IA FarmBur, UMRBA, TFI, 3
Soc, MO CornGrowersA, CFIndustries, IL AssnDrainageDistricts, AgriBank, IL Gov, IA Gov,
LSU AgCtr, MO DNR, IL FarmBur, USDA, IA FarmBurF). These comments focused on such
aspects as the steps of the assessment process (which has been discussed in the Introduction);
public participation during development of the assessment reports; the process for reviewing the
reports; and the role of further research, modeling, and monitoring in the assessment process.

Comments on the Draft 1A:

Comments on the Assessment and Action Plan process were received from seven of 16
commentors (NatCornGrowersA, TFI, UMRBA, WI Dpts, 15 AgOrgs, IL Gov, MO DNR).
The comments regarding the Draft IA primarily spoke to the issues of timing, the discussion of
uncertainties, the inclusiveness of the process, the effectiveness of existing efforts, and the
opportunity to consider options in the Action Plan not discussed in the draft IA.

Comments included the following points:

Stakeholder involvement

Some commentors felt that there was insufficient opportunity for stakeholder involvement in
development of the IA. Some stated that the comment period did not allow sufficient time for a
thorough review of the reports and that the CENR process has been closed to public input.
Others commented that the peer-review process has not been rigorous. One commented that the
data developed and used in the reports, should be made publically available. Another commented
that the USDA should be given the lead role for assembling the 1A and the Action Plan. Several
called for more consistent terminology, particularly on nutrient inputs to the soil, edge of field
nutrient loss to the river, and nutrient loss reductions. Some requested a written response to
comments.

Uncertainties associated with the data

Several commentors asked that the 1A quantitatively describe levels of confidence and
uncertainties in the scientific conclusions. Comments asked why these uncertainties were not
more fully developed and stated in the draft IA. One commentor suggested that the science
assessment should be supplemented with policy dialogue which includes social and economic




considerations especially to fully account for impact on US agricultural production. One
commentor argued that the assessment has failed to establish a factual basis for the hypothesis
considered, which is that increased nutrient loadings solely are responsible for increased hypoxia
in the Gulf of Mexico, and that the assessment should explain alternative hypotheses and what
additional data and analysis are needed. Another comment was that action is premature without
further study, and no drastic actions can be justified on the basis of what is presently known
especially regarding other factors, the primacy of the role of nutrients, and the probable failure of
a plan that concentrates on one contributor among many. Comments requested that Action Plan
development be delayed until a stronger scientific framework is established. Several commentors
stated that additional science is needed and that research and monitoring must continue prior to
preparing an Action Plan.

Incorporating existing accomplishments

A number of commentors made suggestions, not about the 1A, but about approaches that should
be considered in the Action Plan. Commentors suggested that the Action Plan should celebrate
and build on successes that have been achieved in reducing nutrient losses through stewardship
and voluntary programs. They argued that those programs, including provisions of the 1996
Farm Bill, must be given the opportunity to work to their full potential. Others requested
clarification that scenarios used in the assessment are not recommendations and do not preclude
consideration of other actions. They asked that policy makers and the public have opportunity
for full dialogue on management options without prejudice or presumption that they are limited
to those in the reports.

DISCUSSION

Stakeholder Involvement

Concerns about the involvement of stakeholders raised some of the fundamental dilemmas
regarding completing work of this magnitude in a reasonable time to ensure an adequate response
to the initial conditions that raised the issue. This is a particularly difficult task given the
immense size of the Mississippi basin and the Gulf of Mexico, as well as the range of the
potential stakeholders. While many attempts were made to ensure broad participation, there is
always room for more.

The primary approach was two fold. First, members of the science panels, peer reviewers and
the MR/GM Task Force were sought who would act as representatives of larger groups. Federal
agencies covered the spectrum of interest, including five different parts of USDA: Agricultural
Research Service, Economic Research Service, Cooperative State Research, Education and
Extension Service, and Natural Resources Conservation Service. Additionally, academics and
state representatives of both agricultural and environmental agencies were included. While not
every group may have felt they had a representative, especially the private interests which are



difficult to narrow down to a workable number of representatives, the intent was that the
members of these various teams and committees represented a sufficiently broad spectrum.
Second, we chose to use a combination of wide distribution of documents, including regular
updates to various websites and frequent and long opportunities for public review and comment,
and open attendance at MR/GM Task Force meetings, to encourage the exchange of views and
information. The Task Force Chair routinely invited Governors, Tribes, and other interested
stakeholders to suggest alternative sites and opportunities for exchange. The peer review process
was designed, in combination with the editorial board and the science workshop, to provide
expert consideration of the contents of the science assessments.

It should be noted that the science used in the A was not meant to cover new ground; the
purpose was to condense the best of what is currently known. Additionally, the Action Plan that
will be developed will not be binding as new law or regulation. Actions taken as a result of
analyses in the assessment will be subject to the normal administrative procedure in the local,
state and federal arenas. The purpose is to stimulate national dialogue, not to restrict it. The
MR/GM Task Force is encouraged to seek input on ways to improve involvement and to
respond to invitations to speak to groups about their work. The suggestion of a policy dialogue
is certainly worth pursuing.

Uncertainties associated with the data

As in any significant environmental decision, the uncertainties regarding the cause and effects of
hypoxia in the Northern Gulf of Mexico are important. As stated by one commentor, the many
pages of recommendations for additional research and monitoring needs testify to the uncertainty
of the conclusions. These uncertainties were addressed by summarizing the state of knowledge
to reach a conclusion based on currently available research. This information, while not
conclusive, points to directions that will accomplish a variety of public goals. For example, the
significant increase in nutrients in the entire system has many negative water quality effects that
are not restricted to hypoxia in the Gulf of Mexico. These include eutrophication upstream in
lakes and rivers and potential drinking water effects from contaminated groundwater.

Ultimately, it must be recognized that the findings and conclusions in the assessment are inputs
to the deliberations on the Action Plan. It should also be recognized that the actions analyzed in
the six reports were included primarily to illustrate the best judgement of the research teams, and
to clarify the range of possible scenarios. While much has been made of the report’s fertilizer
reduction analyses, for example, it should be remembered that these are included among other
actions illustrating the possible costs and effects of different scenarios. Additional information
will be used, along with the IA, to develop the Action Plan.

Finally, the need for additional science is unequivocally recognized. Scientific uncertainty is a
fundamental condition for most environmental policy making. The question, which has been
strongly raised by several reviewers, is whether there is adequate understanding to proceed and



how far and fast should we proceed. If the consensus is that we have tremendous uncertainty of
any potential outcome, then we need a much more conservative approach.

In reality, the consensus among the science teams and participants in the December 1999 science
workshop is that the increase in the severity or areal coverage of summer oxygen depletion can be
explained by increased nutrient concentration in the Mississippi River. Furthermore, there is
general agreement that steps to mitigate the problem can be taken now. In fact, many of these
steps are already underway under the Clean Water Act and the Farm Bill. Ultimately, a very
significant outcome of the work of the MR/GM Task Force will be to highlight additional
research and implementation funding needs to ensure that there is an oversight process to examine
the effects of current activities and suggest what, if anything needs to be done in addition.
Nevertheless, these uncertainties and the informational purpose of the analyses in the six science
reports were clarified in the final 1A.

Incorporating existing accomplishments

The draft 1A was seen by many as too strongly pressing the need for additional action without
recognizing the success, and likelihood of continued support for improving practices and controls
in the watershed. Efforts already underway within the watershed have some effect on the
nutrient loadings. The observed apparent steady state of residual nutrients in the face of
increased production and population growth in the basin, demonstrates the success of agricultural
practices as well as point source and atmospheric controls to reduce the loads to the river.

However, the lack of detailed information on the success of those existing efforts has constrained
our ability to assess the efficacy and success of site specific changes. The data analyzed are
complete only through the mid 1990s, and do not capture the full impact of current activities.
Impacts of specific management measures have been estimated based on a small number of
studies in particular sites and models which have limited spatial resolution. Almost uniformly,
the authors have called for better and more current data to capture the results of more recent
activity.

RESPONSE

The final 1A includes an improved discussion of the review and administrative process, the
models used for the various economic and ecological approaches, and the uncertainties regarding
the state of the science. While the specific ranges of uncertainty for each statement have not been
added, the discussion of uncertainty, particularly regarding the scenarios used for the modeled
costs of approaches to reduce nutrient loadings, has been reworked to better express the
uncertainties. This discussion was included in the Executive Summary and context of the reports
and includes both a general statement and appropriate caveats or boundaries for specific
statements made in the body of the text.



Additionally, we expanded the discussion of the significance of existing actions and the
shortcomings of the data, regarding the delay between increased activity, monitored results and
reports in the scientific and industrial literature. These statements should form the basis of a
significant monitoring and research effort to better measure accomplishments in the last decade.
We clarified the scenarios used in the 1A to better acknowledge the contributions of changing
agricultural practices since the data used in the report were collected, and to capture a range of
scenarios for conditions in the river system and the Gulf.

We clarified the significance and purpose of the analyses found in the six science reports. These
are examples and illustrations of policy approaches and outcomes, and do not dictate or
encumber the final contents of the Action Plan.

Wherever possible, an attempt was made to convert units of measurement and other terms to a
consistent format.

The MR/GM Task Force is encouraged to consider all the suggestions made with respect to the
Action Plan. The Task Force should seek opportunities to participate in public fora with an aim
to expand awareness of the current findings, encourage presentation of alternative ideas for both
assessment and remediation, incorporate social and economic considerations, and build a
consensus for support of the plan.



CATEGORY #2: CONTRIBUTING FACTORS

SUMMARY OF COMMENTS

Comments on the Six Topic Reports:

Comments were received from 22 of the 34 commentors concerning possible contributing factors
to hypoxia (USDA, IL Gov, IA Gov, LA Gov, ILFarmBur, MO DNR, WI Dpts, MWRDGC,
LSUAQCtr, TFI, PPI, ILFert/ChemA, AmFarmBurF, Agribank, CtrGlblFoodlssues,
Wheelabrator, CFIndustries, EcoLaw, ILCornGrowersA, ILAssnDrainageDistricts,
KYFarmBurF, 3 Soc)

Comments on the Draft IA:
Comments on possible contributing factors were received from nine of 16 commentors (Boesch,
AmFarmBurF, UMRBA, Rabalais, CleanWaterNet, MO DNR, TFlI, 15 AgOrgs, and LSUAgCtr)

Several commentors stated that it appeared that the objective of the six reports and/or the IA was
to prove that hypoxia in the Gulf was primarily attributable to excess agriculturally applied
nutrients and did not adequately consider other contributing factors. This led to their conclusion
that many other contributing factors were dismissed or minimized, while the impacts from
agriculture were maximized without credible scientific data to support these conclusions.

A number of comments suggested that particular mechanisms which might be significant
causative factors, other than nutrient flux from the Mississippi and Atchafalaya Rivers, were not
sufficiently analyzed. Included among these were:

terrigenous organic carbon;

atmospheric deposition;

flood control levees and modifications of the Mississippi River channel;
coastal wetland loss;

intrusions of deeper offshore waters; and

short- or long-term climate changes.

DISCUSSION

Intensive study of the hypoxia phenomenon in the Gulf of Mexico began in the mid-1980s. Since
then, a wide variety of potential mechanisms have been examined and the applicability of the
eutrophication paradigm to the hypoxic zone in the Gulf of Mexico has been validated.

Internally produced organic carbon, stimulated by nutrients (from the land, air or sea), externally
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supplied organic carbon, horizontal stratification, ocean circulation, and river hydrology are not
competing hypotheses, but rather interacting factors within the eutrophication paradigm applied
to the Gulf of Mexico.

These factors have been discussed extensively in the six reports as well as a wide range of
previous work summarized in volumes such as the 1995 Gulf of Mexico Hypoxia Management
Conference (EPA 1997) and the December 1994 and June 1996 special issues of Estuaries. The
1995 Gulf of Mexico Hypoxia Management Conference included a paper by Turner et al. that
outlined several hypotheses and possible factors contributing to development of hypoxia in the
Gulf of Mexico. These factors included: channelization of the Mississippi River and its
tributaries; coastal wetland loss; intrusions of deeper offshore waters; short or long-term climate
changes; terresterial organic loading from the Mississippi River; and increased nutrient
concentrations in the Mississippi River since the 1950s.

Turner’s conclusion, based on available information, was that only increased nutrient flux from
the Mississippi River could explain hypoxic conditions in the Gulf, “in an efficacious and non-
contradictory way.” The IA finds that “oxygen stress in the northern Gulf of Mexico is caused
primarily by excess nutrients delivered to Gulf waters from the Mississippi-Atchafalaya River
drainage basin, in combination with the stratification of Gulf waters.”

The scientific evidence related to some of these potentially contributing factors is summarized
below.

Terrigenous organic carbon

The amount of organic carbon loading in the Mississippi River is not large enough to account for
the observed decline in oxygen over the area and volume of the hypoxic zone. Terrestrially
originated organic carbon could account for a significant percentage of oxygen consumption only
if a high percentage were available to be metabolized, and only if it were conveyed, as if by a
pipeline, to the hypoxic zone extending 100-200 km from the points of river discharges. On the
contrary, substantial losses of organic carbon from the system occur over this distance due to
advection, deposition, and metabolism en route to the zone. Furthermore, in comparison with
nitrogen, which can be recycled to support more in situ production well down-current, once
organic carbon is oxidized it is effectively removed from the oxygen dynamics of the system.
Nitrogen loading results in at least 15 times greater contribution to organic carbon responsible for
oxygen depletion in shelf bottom waters than equal amounts of terrigenous organic carbon.
Comments by Boesch provide additional information.

Analysis of isotope signatures supports the conclusion that material collected from the bottom of
the hypoxic zone is different from the carbon from the river. Organic matter from the hypoxic
zone has an isotope signature consistent with a marine, as opposed to terrigenous, origin,
although some recent work has raised questions about why this observed difference exists. The
terrestrial “signature” of the carbon is localized near the Mississippi River delta and does not

11



occur over the broad region where hypoxia occurs. Also, the increase in carbon accumulation
since the 1950s is primarily in the marine origin component and not the terrestrial component.
Nutrient ratios of material flux from the Mississippi River also indicate that direct contributions
of organic matter account for much less of the sedimented carbon than marine phytoplankton
production fueled by Mississippi River nutrients. Sedimenting marine phytoplankton generally
have an atomic C:N ratio of 9.5-9.9:1 whereas the C:N ratio for Mississippi River flux is about
2.3-3.7:1 (although it has been argued that it may be more appropriate to look at the particulate
organic matter fraction and there the difference is less). Finally, suspended sediment has declined
by about half since the 1950s, so oxygen consumption due to decomposition of the
allochthonous, or transported, organic matter in suspended sediments has probably declined in
importance.

The relative role of terrigenous carbon as a driver of hypoxia was addressed in a December 1999
meeting. Invited scientific experts represented a full range of views. However, after discussion
of evidence, they agreed that terrigenous carbon is a relatively small factor driving hypoxia and
that nitrogen-driven marine carbon production is approximately an order of magnitude greater.
Commentors who initially stressed the potential role of organic carbon, in more recent comments
on the 1A concur that this may not be a large factor.

Atmospheric deposition

Several commentors noted differences in estimates of the contribution of atmospheric deposition
to Gulf nutrient loading — estimates that seem to range from a low of 6.7% of Basin inputs in the
nitrogen balance table in the Topic 3 report to a high of 174% of the average total annual flux of
nitrate from the Mississippi Atchafalya River Basin (MARB).

Examination shows less difference among data than may appear on casual comparison. The
estimates are actually different and discrepancies, when the estimates are carefully understood,
are much smaller than they appear. Both reports use indirect data and literature values to
construct total N estimates, with greatest reliance on data from the National Atmospheric
Deposition Program (NADP) National Trends Network.

The Topic 3 report shows 440 kg N/sq km/yr for total nitrate plus organic N atmospheric
deposition (wet and dry) averaged over 1990-96 (Topic 3 report, table 5.1). For the 3.2 million
sg km MARB, this amounts to 1.4x109 kg N/yr or 1.4 million metric tons/yr input to the Basin.
This 1.4 million metric tons is 6.7% of the 20.9 million metric tons/yr input to the Basin as
shown in the mass balance table (Topic 3 report, table 6.1).

12



The largest apparent difference is with respect to Dinnell. This paper states that the “average
atmospheric deposition of total nitrogen accounts for approximately 174% of the average total
riverine nitrogen flux.” The first point to note is that riverine flux is different from, and much
smaller than, Basin input. Dinnel estimated annual atmospheric nitrogen deposition of total
nitrogen to the Basin to be 200x109 mol/yr which is equal to 2.8x109 kg N/yr or 2.8 million
metric tons per year (since N is 14.0 g/mol). This estimate is based on “NADP data and
literature factors for nitrite and organic nitrogen.” Thus Dinnel’s estimate of total nitrogen
deposition to the Basin is twice as large as the estimate from the Topic 3 report.

Dinnel, based on NADP data, estimated wet nitrate deposition as 44x109 mol/yr average over the
period 1979-93 or 0.62 million metric tons/yr. The Topic 3 report estimated wet nitrate
deposition to be 200 kg N/sq km/yr average over 1980-96 or 0.64 million metric tons/yr for the
Basin — a value in close agreement with Dinnel’s estimate.

Dinnel estimated dry nitrate deposition as 75% of wet nitrate deposition whereas the Topic 3
report estimated it as 70%. Dinnel and the Topic 3 report agree that nitrite is a small factor —
Dinnel’s estimate is 3-4% of his total estimate. Both agree that organic N is about half of the
total wet plus dry inorganic N. Dinnel, based on NADP/NTN data estimated wet NH4
deposition to be 42x109 mol/yr and that dry NH4 deposition was 25% of the wet NH4
deposition. The Topic 3 report estimated direct atmospheric deposition to the hypoxic area
although Dinnel did not. Ata total of 15 thousand metric tons/yr, as estimated in the Topic 3
report, direct atmospheric deposition is a very small factor in the overall mass balance. The
estimate was derived from approximately 500 kg/sq km/yr (5 kg/ha/yr) over an area of 30,000 sq
km — roughly twice the size of the hypoxic zone.

The major difference is that the Topic 3 report argues that NH, deposition within the Basin is
likely to be the result of internal sources and that atmospheric deposition of NHy, therefore
should be considered an internal transport process rather than a Basin input (Topic 3 report, p.
66).

Dinnel, Scott. P. 1977. Estimates of Atmospheric Deposition to the
Mississippi River Watershed. Proceedings of the First Gulf of Mexico Hypoxia
Management Conference, December 5-6, 1995, Kenner, LA. Report EPA-55-
R-97-001. Gulf of Mexico Program Office, Stennis Space Center, MS. Pp.
160-173.
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Deposition (millions of metric tons per year)

Topic 3 report Dinnel
total N deposition to Basin 1.4 2.8
wet nitrate 0.64 0.62
dry nitrate 0.45 0.46
wet NH4 internal transport 0.58
dry NH4 internal transport 0.15
organic both agree ~1/2 wet+dry inorganic N

Channelization of the Mississippi River and its tributaries

Several comments were received that highlighted the potential importance of flood control levees
and modifications of the Mississippi River channel, which were constructed to improve
navigation, in reducing overland flow and diminishing natural capacity to remove nutrients from
runoff to the Gulf. Other comments noted that the hydrology of the Mississippi-Atchafalaya
River Basin has changed enormously over the last two decades.

Evidence indicates that the natural capacity of the MARB to remove nutrients has diminished.
Many of the original freshwater wetlands and riparian zones that were found throughout the
MARB and that were once connected to streams and rivers of the basin are gone from the
landscape. Midwestern states, such as Ohio, Indiana, Illinois, and lowa, have had over 80% of
their wetlands drained. The seven states that are in the upper Mississippi River Basin (Indiana,
Illinois, lowa, Minnesota, Missouri, Ohio, and Wisconsin) collectively have lost the equivalent of
14.1 million ha (35 million acres) over the past 200 years. Similar losses have occurred in lower
Basin states. Natural wetlands and riparian zones can improve water quality and reduce nitrogen
fluxes down the Mississippi River to the Gulf of Mexico.

Channelization, locks, and dams have affected water and nutrient flux to the Gulf in several ways
-- changing the rate of flow, sediment loads and nutrient loads. Suspended sediment has declined
by about half since the 1950s. As a result, oxygen consumption in the Gulf due to
decomposition of the allochthonous, or transported, organic matter in suspended sediments has
probably declined in importance. Changes in the flux of nutrients to the Gulf have been studied
extensively and are analyzed in the six reports. The major change affecting hypoxia has been
nitrate levels. Denitrification in large rivers is generally small. Channelization has not likely had
a large direct effect on denitrification in these rivers. Wetlands along the river and particularly
wetlands and riparian zones along tributaries and small streams can effectively remove some
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nitrate, particularly during flood events. River diversions over coastal wetlands and shallow
inshore waters also may have the potential to remove some nitrate. By diverting water from
these natural areas of denitrification, channelization may affect nitrate loading. One commentor
suggested testing the nutrient enrichment theory by suspending “the diversion of Mississippi
River flow into the Atchafalaya River, which consequently goes directly into the center of the
hypoxic zone.” In fact, rather than “diversion,” present efforts by the USACOE are to limit
Atchafalaya flow to a maximum of 30% of the combined flow of the Mississippi and Red Rivers
at the latitude of Old River and to prevent its natural tendency to carry more. The impacts of
such a flow modification would be extensive and no careful study has been done.

Coastal wetland loss

Some comments suggested that nutrient and organic loadings from erosion of coastal wetlands in
Louisiana are a potential source of materials that fuel the development of hypoxia in the Gulf of
Mexico. Coastal wetland loss in Louisiana is severe, although the rate of loss has diminished since
the period from the 1950s to 1970s, when it was greatest. Loss rates exceeded 40 square miles
per year then, but have been estimated to be between 25 and 35 square miles per year in the
1990s. However, even at the highest rate, the amount of carbon released from erosion of
wetlands is not sufficient to account for the observed decline in oxygen over the area of the
hypoxic zone. One commentor provided an estimate of the organic matter flux from coastal land
loss. Although this possible source is distributed differently than the organic material carried by
the River, its impact on the hypoxic zone is diminished by the same processes outlined in the
section addressing organic carbon (see Boesch’s comments for details).

Further, if the dominance of nutrients were common between estuarine areas suffering land
losses, then the sedimentary record of diatom production would be similar. The
deposition/accumulation of biogenic silica (a surrogate for diatom production) is, in fact,
strikingly different. Accumulation of biogenic silica is greater in sediments beneath the plume. In
addition, carbon isotope signatures in nearshore sediments indicate that carbon emanating from
marsh detritus is localized close to shore.

Intrusions of deeper offshore waters

Some comments suggested that intrusions of offshore waters bring low oxygen conditions and
nutrients to the hypoxic zone. However, intrusions of the oxygen minimum layer from deeper
waters on to the continental shelf have always been found to be physically separate from the
nearshore hypoxic region that is the focus of this assessment. The hypoxic zone on the
continental shelf is in depths of less than 60 m, while the oxygen minimum zone is in water
depths of 400 to 700 m. Further, the dissolved oxygen level, salinity, temperature and
respiration rates of water in the oxygen minimum layer differ considerably from the waters of the
hypoxic zone.
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Upwelling of nitrate from deeper waters may be important in shelf edge (depths of
approximately 100 m) cycling of carbon and nitrogen. The Topic 1 report (p. 48) notes that,
occasionally, mixing diagrams of riverine nutrients with saline Gulf of Mexico waters are
nonlinear in a way that implies another source of nutrients which could be from deeper water
intrusion. However, all data indicate that the Mississippi and Atchafalaya Rivers contribute, by
far, the major sources of nutrients to the northern Gulf of Mexico.

Short or long-term climate changes

Some comments suggested that climate change, particularly increased precipitation, has increased
river flow and nutrient transport, increasing stratification as well as nutrient fueling of hypoxia.
One comentor noted that hurricane events caused severe localized flooding, shoreline erosion,
disturbed shallow habitats and introduced large quantities of nutrients into the waters of the
hypoxic zone in the year preceding increases in the extent of hypoxia but notes that they do not
argue that these storms alone directly cause hypoxia.

River discharge, nitrate concentration, and sediment core data provide almost 100 years of record
for this system. On that time-scale, there is no indication that climate-scale factors override the
impacts of human activities in the basin. Streamflow in the Mississippi River was
approximately 30% higher during 1980-96 than during 1955-70 as a result of increased
precipitation. The climate record thus indicates a 30% increase in river discharge as compared to
the 300% increase in nitrate flux over this period.

Since about 1980, the annual nitrogen flux has become highly variable due, in part, to variable
amounts of precipitation. Episodic events such as the 1993 flood can nearly double the annual
nitrate flux to the Gulf as a result of increased leaching of nitrate from the soil-ground water
systems in the basin. High annual nitrate fluxes associated with flood events can be expected to
occur in the future. There are indications that future climates for this basin may be wetter and
include more extreme events, leading potentially to increased water and nitrate fluxes.

RESPONSE

In response to the concern that the full panoply of potential contributors to the current state of
hypoxia in the Gulf of Mexico had not been given full consideration, the relevant evidence was re-
reviewed. In addition, a meeting of experts was convened to reexamine the issue and scientists
representing the full range of views were invited. Those present at that meeting reached a
consensus that river-derived nitrogen is the most important, manageable driver of the increased
organic carbon that consumes oxygen in the hypoxic zone.

Thus, the major conclusion drawn from assessing the state of knowledge with respect to hypoxia

in the Gulf of Mexico, that this stress is caused primarily by excess nutrients delivered to Gulf
waters from the Mississippi-Atchafalaya River drainage basin, in combination with the
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stratification of Gulf waters, was supported. However, in response to public comment on other
contributing factors, the chapter of the 1A dealing with causes was written to include discussion
of a wide array of potentially contributing factors.

No change was made to statements in the 1A about the role of atmospheric deposition because all
the information examined is consistent with those statements. Statements about atmospheric
deposition as a research need were revised to emphasize the need for better understanding of the
relative magnitude of various cycling mechanisms rather than the overall size of its contribution.
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CATEGORY #3: NITROGEN CONCENTRATION AND FLUX: TRENDS AND SOURCES

SUMMARY OF COMMENTS

Comments on the Six Topic Reports:

Comments were received from 22 of the 34 commentors (AmFarmBurF, 3 soc, AminoAcidEdC,
CtrGlblFoodlssues, GulfRestN, ILFarmBur, IL Gov, IA FarmBur, 1A Gov, KYFarmBurF, LSU
AgCtr, MWRDGC, MS RiverPart, MO CornGrowersA, MO DNR, PPI, TFI, USDA, Wallin,
Wheelabrator, WI Dpts, and UMRBA).

Comments on the Draft 1A:

Comments on nitrogen trends were received from nine of 16 commentors on the draft Inegrated
Assessment (Boesch, AmFarmBurF, Goolsby, NCR-195, Rabalais, MO DNR, TFlI, IL Gov, and
LSU AgCitr).

Comments focused on the reports' primary emphasis on nitrogen as a contributing factor to the
Gulf Hypoxic Zone. Some of these comments included assertions that total nitrogen flux has
actually decreased over time, rather than increased as concluded by the CENR reports. In
addition, questions were raised concerning the relative contributions of nitrogen from
nonagricultural sources (point sources, atmospheric deposition, etc.) to total loadings, as well as
questions about the overall nitrogen dynamics within the system. The following discussion
incorporates new data on nitrogen concentrations and flux collected during 1997-99 to address
these questions, comments, and issues. The six Topic reports used flux and concentration data
collected only through 1996, where as some of the 1997-99 data was used in the draft IA.

Specific comments were grouped in the following areas:

Nitrogen trends in rivers

According to one commentor, total nitrogen concentrations in the lower Mississippi River are
lower now than at the start of the 20th century and much lower than at mid-20th century. Total
N concentrations in the Illinois River now are about same as at start of the 20th century. Another
commentor stated that the data do not support a three-fold increase in N flux in last 30 years.
Others noted that IA and CENR reports acknowledge organic and ammonia N data prior to
1970s, but use only nitrate data. One commentor questioned why nitrogen concentration in the
Ohio River has not increased in response to the large increases in fertilizer use in the Ohio River
Basin. Several commentors noted the lack of 1999 nitrogen data in the IA to support the
discussion presented on the size of the hypoxic zone in 1999.
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Nitrogen sources

Some commentors stated that there is no consistent relation between nitrate concentrations in
streams and use of N fertilizer. Others suggested that the roles of confined feeding operations,
municipal treatment plants, and urban runoff as nitrogen sources are not properly represented.
One commentor stated that atmospheric nitrate and ammonia, and municipal/industrial point
sources are direct inputs to water. Large removal of nitrogen in harvested crops was not

properly recognized in the IA. Another commentor recommended the use of nitrogen residuals as
the best indication of potential N loads in rivers.

DISCUSSION

Nitrogen trends in rivers

River-borne nutrients and water-column stratification are the major factors contributing to
hypoxia in the northern Gulf of Mexico. The key nutrients in this process are nitrogen,
phosphorus, and silica. Of these, nitrogen is the most important nutrient leading to the
production of excess algae and subsequent hypoxia in the Gulf. Nitrogen is also the only nutrient
that has increased significantly in concentration and loads in the Mississippi River in recent
decades. Phosphorus loads have not changed significantly since the early 1970s when records
began. Silica loads decreased between the 1950s and 1970s, and have not changed significantly
since.

Nitrogen is present primarily in three forms in the Mississippi River and its tributaries — nitrate
and ammonium (dissolved inorganic N or DIN), dissolved organic nitrogen (DON), and
particulate organic nitrogen (PON). Total nitrogen is the sum of these three forms. For 1980-96
the average total nitrogen flux from the MARB to the Gulf was estimated to be 1,567,900 metric
tons per year. Of this amount, about 61% was nitrate, two percent was ammonium (DIN =
63%), 24% was DON, and 13% was PON. Most of the analysis of nitrogen changes (trends)
discussed in the 1A and six Topic reports focused on nitrate, which comprises most of the DIN.
The principal reason for the focus on nitrate rather than total N is that nitrate is the most
significant bioavailable form of N transported into the Gulf.

DIN is the principal form of nitrogen used by algae in the near surface waters of the Gulf. Most
DIN enters the Gulf as nitrate and is rapidly assimilated by phytoplankton. Subsequent
recycling of nitrogen in the surface layer of the Gulf produces ammonia, which is also quickly
assimilated by phytoplankton. DON entering the Gulf is largely in the form of amino acids and
dissolved humic material. Most forms of DON have to be mineralized to DIN by microbial
processes before algae can utilize it, and thus DON becomes available very slowly. The PON
discharged from the Mississippi Basin is present in all forms of suspended material and tends to
settle in the bottom waters of the Gulf. PON has to be mineralized to DIN and then be
transported back into the surface waters of the Gulf before algae can assimilate it. Transport of
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DIN from the bottom waters of the Gulf to the surface waters would not occur during
stratification. Thus, the DIN entering the Gulf as nitrate from the Mississippi River is the
principal form of N utilized by the algae that subsequently contribute to the formation of
hypoxia. DIN concentration and flux has changed more than any other form of N and therefore
potentially has a much larger effect on algal production and hypoxia than do DON and PON.

Few data were collected on forms of N other than nitrate prior to the mid-1970s. No data on
organic N are known to have been collected in the lower Mississippi prior to 1973. However,
some data on DON/PON were collected in the Illinois River Basin and at a few locations on the
Mississippi and Missouri Rivers in the vicinity of St. Louis during the period 1896-1905.
Because of the sparseness of organic N data prior to the 1970s, there was little discussion of
either historical organic or total N in the CENR reports or in the draft IA report. However the
historical organic N data from the Illinois River basin-St Louis area can be used to improve the 1A
by providing an estimate of total nitrogen concentrations at the beginning of the century. The
following
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response is based largely on data published in reports by Palmer2, Leighton3, Dole et al 4,
Goolshy et al5 (also referred to as the Topic 3 report), Howarth et al 6.7, Maybecks, and
Meade9.

Pristine conditions: To provide a baseline for determining long-term changes in nitrogen
concentrations in the Mississippi Basin, an estimate of mean concentrations was developed for
all major nitrogen species in the Mississippi River before European settlement (“pristine”
conditions). These estimates are given below in table 1. Using data on nitrogen concentrations in
unpolluted major world rivers published in Maybeck38 the pristine mean dissolved inorganic
nitrogen (DIN) concentration, nitrate plus ammonium, in the Mississippi River was estimated to
be about 0.115 mg/l. The mean total dissolved nitrogen (DON + DIN) was estimated to be 0.375

2 Palmer, Arthur W., ca. 1903, Chemical Survey of the Waters of Illinois: Report for the years 1897-
1902, University of Illinois, 254 p.

3 Leighton, M.O., 1907, Pollution of the Illinois River by Chicago Sewage, U.S. Geological Survey
Water Supply Paper 194, 369 p. (this report cites data presented in the Palmer report and other sources).

4 Dole, R.B. 1909. The quality of surface watersin the United States: Part |. -- Analysis of waters east of
the one hundredth meridian. U.S. Geological Survey Water-Supply Paper 236. Washington, DC: Government
Printing Office. 123 p.

5 Goolsby, D.A., Battaglin, W.A., Lawrence, G.B., Artz, R.S., Aulenbach, B.T., Hooper,R.P., Keeney,
D.R., and Stendland, G.J., 1999. Flux and Sources of Nutrients in the Mississippi-Atchafalaya River Basin: Topic 3
Report for the IA on Hypoxiain the Gulf of Mexico. NOAA Coastal Ocean Program Decision Analysis Series No.
17. NOAA Coastal Ocean Office, Silver Spring, MD, 129 p. (Also available at URL:
http://wwwrcolka.cr.usgs.gov/midconherb/hypoxia.html)

6 Howarth, R.W., G. Billen, D. Swaney, A. Townsend, N. Jaworski, K. Lajtha, J.A. Downing, R.
Elmgren, N Caraco, T. Jordan, F. Berendse, J. Freney, V. Kudeyarov, P. Murdoch,and Z. Zhao-Liang. 1996.
Regional nitrogen budgets and riverine N & P fluxes for the drainages to the North Atlantic Ocean: Natural and
human influences. Biogeochemistry 35:75-139.

7 Howarth, R.W. 1998. An assessment of human influences on fluxes of nitrogen from the terrestrial
landscape to the estuaries and continental shelves of the North Atlantic Ocean. Nutrient Cycling in Agroecosystems
p. 213-223.

8 Maybeck, M. 1982, Carbon, Nitrogen, and Phosphorus Transport by World Rivers.
American Journal of Science, v282, April, 1982, p 401-500.

9 Meade, R.H. 1995. Contaminants in the Mississippi River. U.S. Geological Survey Circular 1133.
140 p.
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mg/IB. The difference between the above two estimates would be an estimate of the mean
dissolved organic nitrogen (DON), which is about 0.26 mg/I. The particulate organic nitrogen
(PON) concentration was calculated from the pre-development annual sediment flux from the
Mississippi-Atchafalaya Basin to the Gulf of Mexico (400 million metric tons per year?). The N
content of the sediment was estimated from the lower Mississippi and Missouri River sediment
nitrogen data and was found to be about 0.15% and a mean annual streamflow of 21,990 cubic
meters per second was calculated (table 2.2 in the Topic 3 report). From this calculation, the
mean PON concentration was estimated to be 0.86 mg/l. The pre-development total nitrogen
(TN) concentration was then calculated from the sum of the DIN + DON + PON to be 1.24 mg/I.
Other estimates of “pristine” TN concentrations from the literature range from 0.79 to 1.15 mg/I
(see table 1). Thus, the TN estimate of 1.24 mg/l may be a little high.

Last 100 years: Published data on nitrate, nitrite, ammonium, and dissolved and suspended
organic nitrogen were used to develop estimates of mean annual concentrations of all major
nitrogen species for four locations in the Mississippi River. These estimates were derived from
data published in Palmer (ca. 1903) and cover the Mississippi Basin for the period 1897-1906.
The locations 1) the Lower Illinois River, 2) Mississippi River near Grafton, IL (below Illinois
River and above Missouri River), 3) Lower Missouri River, and 4) Lower Leighton (1907), and
Dole, (1909), are shown below in table 2. Total N, DON, and PON for the lower Mississippi
river site were calculated (see footnotes in table 2 for calculation method). Mean nitrogen
concentrations at these four sites for 1980-98 are also shown in table 2 for comparison.

Results in table 2 clearly show that concentrations of total nitrogen have increased significantly at
three of the four sites during the past 100 years. Table 2 also shows that essentially all of the
increase can be attributed to DIN or nitrate. The total N concentration in the lower Mississippi is
estimated to have increased by a factor of 1.3 since 1905-06, and nitrate, the bioavailable form of
N, has increased by a factor of about 2.5. In comparison with pristine conditions, the total N
concentration in the lower Mississippi River has doubled and nitrate has increased by a factor of
more than 10. Mean annual total N concentrations in the lower Illinois River and the Mississippi
River at Grafton have also doubled in the last 100 years while nitrate concentrations have
increased by factors of three to more than four (table 2). The exception is the lower Missouri
River where total N concentrations have decreased slightly due to a large decrease in PON
concentration associated with construction of reservoirs on the Missouri River in the 1950s and
1960s. Trapping of sediment in the reservoirs has reduced the discharge of suspended sediment
by more than 50%10, resulting in a similar reduction in PON. However, nitrate concentrations in
the lower Missouri have more than doubled and make up for most of the decrease in PON.

10 Meade, R.H. 1995. Contaminantsin the Mississippi River. US Geological Survey Circular 1133.
140 p.
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Table 1. — Estimates of Nitrogen Concentrations in the Mississippi River Basin prior to
European Settlement (Pristine conditions)

Nitrogen species mg/| Reference or source
(DIN) Dissolved inorganic | 0.115 Calculated from Maybeck (1982)
N
Nitrate 0.10 Maybeck (1982). ave. for unpolluted major world
rivers
0.09 Clark et al. (in press) median for 82 relatively
undeveloped U.S. watersheds
Ammonium 0.015 Maybeck (1982)
(DON) Dissolved organic 0.26 Calculated from Maybeck (1982)
N
(PON) Particulate organic | 0.86 Calculated from estimated pre-development
N sediment flux of 400 x 106metric tons/y (Meade
1985); N content of sediment of 0.15%; 1980-96
mean annual streamflow of 21,990 m3/s.
Total organic N 1.12 Calculated from dissolved and particulate organic

N

Total dissolved N (DIN plus | 0.375 Maybeck, 1982
DON)

Total N 1.24 Calculated from total dissolved N and particulate
organic N

Other estimates of total N 0.93 Howarth et al., 1996 (from Maybeck, 1982)

0.08- Howarth et al., 1996 (from Lewis 1986)
1.15

0.79 Howarth et al. (1998) for mean
discharge=17,313 m3/s; basin area=3.23 x 106
km2

0.26 Clark, et al. (in press); small US watersheds

23



Table 2. - Historical and Recent Data on Nitrogen Concentrations in the Mississippi
River Basin
(Results in milligrams per liter as N).

Number

of Organic N Inorganic N
Location Samples DON PON Total Nitrate-N NHs-NDIN ~ Total N2
Lower lllinois River
1897-1902 weekly 0.59 0.42 1.01 1.25 0.38 1.63 2.64
1980-98 189 0.45 0.60 1.22b 4,09 014  4.23 5.46
Upper Mississippi River near Grafton (below Illinois R. & above Missouri R.)
1899-1900 70 0.48 0.62 110 059 0.13 0.72 1.82
1980-98 120 0.81 0.63 127 263 0.11 274  4.01
Lower Missouri River
1899-1900 63 0.30 1.53 1.83 0.51 0.06 0.57 2.40
1980-98 186 0.51 0.69 1.03 1.23 0.05 1.28 2.24
Lower Mississippi River
1905-06 52 0.40c 0.76d 1.16 0.56 0.1c 0.66 1.82
1955-65 308 0.52f 0699 1.21 0.65¢  0.1f 0.75 1.96
1980-98d 104 0.52 0.38 0.92 1.45 0.06 151 2.40

aTotal N calculated as the sum of total organic N + DIN.

bDON and PON not analyzed on all samples in 1980-98, thus DON + PON does not equal total
organic N for this time period.

CEstimated from concentrations in upper Mississippi River and Lower Missouri River.

dEstimated as 2 times the average 1980-98 PON concentration.

eFrom Topic 3 report, table 3.4.

festimated

9Calculated from 1955-65 daily sediment concentration at Tarbert Landing (4018 samples;

mean= 460 mg/l) and estimated sediment nitrogen content of 0.15%; PON = 0.69 +/-

0.41mg/l.

Several comments on the 1A and the six Topic reports asserted that total nitrogen concentrations
in the Lower Mississippi and Illinois Rivers at the middle of the century were much higher than
they are now. This statement is difficult to assess because no actual measurements of total N
based on analysis of organic N, ammonium, and nitrate are known to exist for this period.
However, data are available to calculate an estimate of nitrogen in the Lower Mississippi River for
the period 1955-65. The mean nitrate concentration for this period based on chemical analyses
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was 0.65 mg/l (Topic 3 report, table 3.4). The mean PON concentration can be estimated from
suspended sediment concentrations measured at Tarbert’s Landing, LA. The mean PON for 1955-
65 was calculated to be about 0.69 +/- 0.41 mg/l based on a mean sediment concentration of 460
mg/l and sediment nitrogen content of 0.15%. No data are available for the DON for this period,
but it is reasonable to assume that a range for DON was 0.4-0.5 mg/I based on values measured
near the beginning and end of the 20th century (table 2). Similarly, the range for ammonia was
probably 0.06 to 0.1 mg/l (see table 2). Using the measured nitrate value, the calculated PON, and
the high end of the range for values for DON and ammonia the calculated mean total N for 1955-65
is 1.96 mg/l. These results, shown in table 2, indicate that the concentrations of total N in the
lower Mississippi River in 1955-65 were similar to concentrations at the beginning of the 20th
century, but significantly lower than mean concentrations for 1980-96.

Since the mid-20th century the sediment flux from the Mississippi Basin to the Gulf of Mexico
has decreased by about 50%!11 due to trapping of sediment in the Missouri River reservoirs. As a
result, the average PON concentration in the Mississippi River has decreased from a calculated
value of about 0.69 mg/l during 1955-65 to a mean of about 0.38 mg/L during 1980-96 (table 2), a
decrease of about 50%. However, as concluded in the IA and six Topic reports, the mean
concentrations of nitrate in the lower Mississippi River have increased, more than offsetting the
decrease in PON. Concentrations have more than doubled since the 1955-65 period, with most of
the increase occurring between the late 1960s and early 1980s (see figure 1). Since the early 1980s
nitrate concentrations have been highly variable from year to year due to varying climatic
conditions, but there is no statistically significant trend (figure 1). The highest mean annual nitrate
concentrations occurred in 1982 (1.80 mg/l), 1993 (1.79 mg/l) and 1999 (1.82 mg/l). The year
1999 was somewhat unusual in that both streamflow and nitrate concentrations during the spring
and summer were above normal in the upper Mississippi. The streamflow of the Mississippi
River at Thebes, above the Ohio River confluence for January-June, 1999 averaged 328,400 cfs as
compared with a 1980-98 mean of 284,400 cfs for this period. The mean nitrate concentrations
for January-June were 3.4 mg/l versus a 1980-98 mean for the period of 2.7 mg/l. However,
drought conditions were developing in the upper Ohio basin, which produced below normal
streamflow in 1999, 376,000 cfs vs a 1980-96 mean of 426,300 cfs, for January-June. Nitrate
concentrations (1.2 mg/l for Jan-June) were near normal for this period. The combination of above
normal flows and nitrate concentrations from the upper Mississippi and below normal flows from
the Ohio River produced higher than normal nitrate concentrations and flux in the lower
Mississippi River, and may have contributed to the large hypoxic zone measured in July 1999.

The annual flux of nitrate to the Gulf of Mexico for 1955-99 is shown in figure 2. The dark part
of each bar represents the nitrate flux for January-June, the period that would have the greatest
influence on the development of hypoxia. The top (light) part of each bar represents the nitrate

11 Meade, R.H. 1995. Contaminantsin the Mississippi River. US Geological Survey Circular 1133.
140 p.
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flux for July-December. Nitrate flux has not yet been estimated for July-December of 1999. The
nitrate flux for January-June 1999 was the fifth highest flux measured for this period since records
began in 1955.

Figure 2 clearly shows there has been a large increase in the annual flux of nitrate. The 1A and
CENR reports stated that the nitrate flux to the Gulf almost tripled from an average of 0.33
million metric tons/yr during 1955-70 to 0.95 million metric tons/yr during 1980-96. The time
periods selected for this comparison were somewhat arbitrary, and by selecting different time
periods for comparison one can get varying ratios for the increase. However, it is clear that
nitrogen fluxes have increased significantly in the past 30 years.
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Figure 1. Maximum, minimum, and mean nitrate concentrations in the lower Mississippi River,
1954-99 (from the Topic 3 report, figure 3.4).
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Figure 2. Nitrate flux to Gulf of Mexico for January-June and July-December, 1955-99.

Comparisons to the Ohio River

One commentor questioned why the nitrate concentrations have not increased in the Ohio River
basin as they have in the lower Mississippi given the fact that fertilizer use has increased
significantly. The reason has not been determined from scientific study. However, there are
probably several contributing factors including intensity of nitrogen inputs, subsurface drainage,
and climate. The nitrogen inputs per unit area from fertilizer, soil mineralization, manure, etc. are
much higher in the middle and upper Mississippi Basins than they are in the Ohio Basin. This is
shown graphically in figure 5.10 of the Topic 3 report. Calculations based on data in table 5.7 of
the Topic 3 report show that the annual fertilizer N use in the upper and middle Mississippi
basins is about 4.2 metric tons/km2 and 5.5 metric tons/km2 in jus